INTRODUCTION
Previous studies indicate relationships between ballistic performances and the critical deformation in compression characterizing shear band formation for depleted uranium and tungsten alloys (1,2,3). The lower critical deformation of the depleted uranium alloys favors crater formation of smaller diameter during the penetration process. A possible way to improve the ballistic performances of tungsten alloys is to lower this critical deformation. Such investigations require knowledge of the local loading conditions associated with the initiation and propagation of shear bands and of the influence of the rnicrostructrure on the shear band formation. If data are available on the influence of the microstructure (3), there are few information describing stress states during the initiation and propagation of shear bands. As well, infomation are needed on the influence of loading variables typical of penetration events such as pressure and strain rate on shear band formation.
The objective of the present paper is to focus on the local loading conditions associated with shear bands observed in laboratory tungsten alloy specimens. These shear bands were observed under significant hydrostatic pressure and under large stress state variation with the use of dynamic compression specimens of large length to diameter ratio. These tests consist in Hopkinson pressure bar and symmetric Taylor tests conducted with 91W-6Ni-3Co swaged tungsten alloys. Hopkinson pressure bar tests was conducted at 4900 s-1 with specimen of length to diameter ratio equal to 2 (3). Taylor tests involved specimens of length to diameter ratio equal tb 4 impacted at speeds ranging from 200 to 300 m s-1. The numerical simulations were conducted with the hydrocode AUTODYN-2D (4) implemented with a Johnson and Cook constitutive model.
EXPERIMENTAL PROCEDURE
Dynamic uniaxial constant strain rate compression data of a 25% swaged 91W-6Ni-3Co alloy from Teledyne was used (3). These data were generated with a Hopkinson pressure bar system using Specimens 6.3 mm in diameter and 12.7 rnrn in length. No lubricant was applied to the loading interfaces. The pressure bar system consists in 2410 MPa maraging pressure bars 12.7 mm in diameter. The test conducted with an incident stress pulse of 80 percent of the bar yield material providing a strain rate of 4900 s-1 and a specimen global strain of 0.4 is discussed.
Taylor testing was generated to provide material behavior in dynamic compression with large variation in the stress state. The alloy employed is a 25% swaged 91W-6Ni-3Co alloy provided by Cime Bocuze of GIAT industries of similar microstructure and high strain rate compression properties that the pressure bar material. Taylor testing was performed using the symemc loading approach introduced by Erlich et a1 (5). This approach has the primary advantage to eliminate friction at the loading interfaces Ferefore facilitating numerical simulations. The symmetric Taylor tests implicate two specimens 9 mm in dlameter and 35 mm in length loaded with a newly developed system at GIAT industries Bourges Center
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jp4:1997370 (4). The loading system involves a 25 mm caliber gas gun to launch, at velocities ranging from 200 to 300 m s-1, one Taylor specimen guided with a Teflon sabot against a second Taylor specimen located at the gun muzzle and positioned with another Teflon sabot. The two Teflon sabots are identical and provide guidance up to impact without interfering with the loading phase.
NUMERICAL PROCEDURE
Numerical simulations were conducted with the Lagrange processor of the finite difference finite element hydrocode AUTODYN-2D (4). For the Hopkinson pressure bars tests, incident and transmitted bars were simulated to reproduce the Pochammer-Chree oscillations. The bar mesh was refined at the specimen loading interfaces to match the specimen mesh size. Precisely, the specimen mesh is composed of square elements 450 pm in size. To simulate accurately the specimen dry loading interfaces, a friction of 0.5 was used based on the work of Bertholf et al. (7) . This work reports hydrocode simulations of Hopkinson pressure bar tests of an aluminum alloy involving loading interfaces from lubricated to bonded conditions. Taylor simulations were conducted with a numerical model simulating the Taylor specimens, the Teflon sabots and the steel gun.The mesh of the Taylor specimens is composed of square elemer~ts varying in size from 500 pm for the elastically loaded region to 250 pm in the plastically loaded region. High strain rate and temperature dependance was taken into account using a Johnson and Cook constitutive model. The model, calibrated to reproduce experimental data at 23°C at a strain rate of 1 and 5000 s-1, and at 600OC at a strain rate of 1 s-1, expresses the equivalent stress in MPa as:
with &p the equivalent plastic strain, d the strain rate, T the test temperature in Kelvin and Tm the melting temperature of the Ni-Co-W mamce equal to 1750°K.
RESULTS
The simulations of the Taylor tests conducted at launched velocities of 200 and 300 m s-1 reproduce final diameters and lengths by +2% and -4%, respectively. For the compression test, the typical bulging of the high length to diameter ratio compression specimen is simulated. Minimum and maximum diameters of the bulged region were reproduced within +2%.
Sections of the Hopkinson pressure bar specimen and of the Taylor specimen launched at 300 m/s reveal shear band formation, see Figure 1 . These shear bands involve highly deformed tungsten particles with shear strain exceeding several hundred percent. No shear bands were observed for the Taylor test conducted at 200 m s-1.
The effective plastic strain of the two specimens exhibiting shear bands is compared in Figure 3 . The shear localization paths within the intense shear stress zone are shown. For the Hopkinson pressure bar specimen, the shear band path is located between one region exhibiting little plastic deformation, corresponding to the specimen loading sides and a plastically deformed region involving deformation reaching 0.5. Such features are confirmed through the observation of the deformed microstructure, see Figure la , where the loading side zone reveals an unchanged microstructure consisting of the elongated tungsten particles of the swaged alloy (4). In an another hand, the Taylor specimen reveals large plastic deformation on both sides of the shear localization path with a maximum deformation of 0.8 for the loading side zone. Both specimens reveals that local deformation of at least 0.5 is necessary to trigger shear banding.
Pressures and temperatures reached along the shear localization paths are shown in Figure 3 for reference material points indicated in Figure 2 . In the case of the Hopkinson pressure bar specimen, higll pressures up to 2000 MPa with an effective local plastic strain up to 0.50 characterized the onset of she:^ localization, points H1 and H2. For the Taylor specimen, shear localization occurs at an effective plastic strain of about 0.55 and under low pressures, i.e. starting under no confinement at -200 MPa (points T1 and T2) and propagating at pressures reaching 500 MPa (point T3). Temperatures at the onset of localization are similar for both specimens which is about 480°C for the Hopkinson pressure bar specimen and are ranging from 400 to 600°C for the Taylor specimen.
The Taylor specimen stress state is characterized by a tensile hoop stress associated to a twodimensional compressive state of stress while the Hopkinson pressure bar specimen exhibits a three dimensional compressive stress state with a hoop stress of about -1000 m a . For the Taylor specimen, strain rates exceeding 105s-1 are reached up to a deformation of 0.1 and then attained 5000 to 6000s-1. 
DISCUSSION
To provide insights on the influence of pressure and plastic deformation on the formation of shear bands in tungsten alloys, these results are compared to high strain rate tensile (8) and torsional data (9) . Torsional data at a strain rate of 3000 s-1 indicate low fracture strain of the order of 0.12 and is associated to tungstedmngsten interfacial failure. Tensile data at a strain rate of 1500 s-1 reveal that damage initiation (necking) occurs at strain of 0.05. Again, tungstedtungsten interfacial failures characterized damage initiation of the tensile specimen, precluding the generation of local shear bands (8). Figure 4 shows the loading path of the failure zones of the tensile, torsional, compression specimens. Pressure as low as 500 MPa, appears to be sufficient to preclude tungstedtungsten interfacial failure, therefore allowing large plastic deformation. These results clearly imply that the compression mode of loading is required to evaluate shear localization capabilities of tungsten alloys. While recognizing that pressures reached in terminal ballistic ranged from 1500 to 15000 MPa, dynamic compression and Taylor testing are mean to generate accurate low pressure data to support damage criteria development for terminal ballistic simulation as well as to evaluate newly developed tungsten alloys.
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